We present results for exclusive b → c semileptonic decays of ground state triply-heavy baryons and for semileptonic c → s, d decays of doubly heavy ground state cb baryons. In both cases, we have derived for the first time heavy quark spin symmetry relations for the hadronic amplitudes near zero recoil. Though strictly valid in the limit of very large heavy quark masses and near zero recoil, they turn out to be reasonable accurate for the whole available phase space in these decays and for the actual heavy quark masses we use. With these relations we have made approximate, but model independent, predictions for ratios of decay widths. In the case of spin-1/2 cb baryons, we find that hyperfine mixing in the wave function has a great impact on their c → s, d decay widths.
Introduction
In this contribution we report on two recent calculations we have done concerning exclusive b → c semileptonic decay of triply heavy baryons [1] and c → s, d semileptonic decay of doubly heavy cb baryons [2] .
The analysis of triply heavy baryons allows to study the interaction among heavy quarks in an environment free of valence light quarks. With no experimental information available on these systems so far, previous studies have concentrated on their spectrum [3, 4, 5, 6, 7, 8, 9] . However, it is likely that triply heavy baryons would be discovered at LHC [10] so that the study of their properties beyond spectroscopy seems timely. As for exclusive semileptonic c → s, d decays of doubly heavy ground state cb baryons, previous studies [11, 12, 13] are very limited. This is in contrast to their corresponding b → c driven decays which have been more extensively studied [11, 14, 15, 16, 17, 18] . However, the analysis of the c → s, d decays of cb baryons could also give relevant information on heavy quark physics complementary to the one obtained from the study of their b → c decays.
In both calculations we derive for the first time heavy quark spin symmetry (HQSS) approximate expressions for the hadronic matrix elements. From these we predict approximate, but model independent, relations among different decay widths.
The calculations are done in a nonrelativistic quark model framework. We use the AL1 potential of Refs. [19, 5] which contains 1/r and hyperfine terms, that can be understood as originating from a one-gluon exchange potential, together with a linear confining term. All the parameters of this potential have been adjusted to de description of light and heavy meson spectra.
b → c semileptonic decays of triply heavy baryons
The wave functions we use to describe triply heavy baryons have the general form
where α j represents the spin (s), flavor (f) and color (c) quantum numbers of the j-th quark. As we are interested only in spin J = 1/2 or J = 3/2 ground state baryons, the total orbital angular momentum is L = 0. To solve the three-body problem we shall use a variational ansatz for the orbital part of the wave function. We write the orbital wave functions as the product of three functions, Φ(r 1 , r 2 , r 12 ) = φ hh ′ (r 1 )φ hh ′ (r 2 )φ hh (r 12 ), each one depending on just one of the three variables r 1 , r 2 , r 12 , where r 1 , r 2 are the relative distances between quark three and quarks one and two respectively, and r 12 is the relative distance between the first two quarks. For each of the φ functions above we take an expression consisting in the sum of displaced gaussians of the form
. We fix the variational parameters by minimizing the energy while the overall normalization is fixed at the end of the calculation.
In Table 1 we show the calculated masses of the triply heavy baryons. Our results agree nicely with the Faddeev evaluation in Ref. [5] using the same interquark potential. For comparison we also show results obtained in lattice QCD (LQCD) [9] , the bag model (BM) [3] , relativistic three quark model (RTQM) [6] , QCD sum rules (QCDSR) [8] calculation using potential nonrelativistic QCD (NNLO pNRQCD) [20] . The agreement with the LQCD result for the Ω * bbb baryon is good. We also agree with the results in the BM and RTQM calculations. On the other hand the QCDSR results are much smaller while the NNLO pNRQCD calculation predicts larger masses.
In the limit of very large heavy quark masses, HQSS predicts for the hadronic transition matrix elements near zero recoil [1] 
where the factors η, χ and ξ are the Isgur-Wise functions that depend on the product of four velocities of the two baryons w = v · v ′ . We evaluate those Isgur-Wise functions in our model and we see that, as predicted by the HQSS relations above, they reduce to only three independent ones in very good approximation. With these functions we get estimates of the b → c semileptonic decay widths that we give in Table 2 .
As the dΓ/dw differential decay width peaks at w values very close to 1 [1] , one can make further approximations valid in that region. The lepton tensor is approximately given by L αβ (q) ≈ −πq 2 6
where q is the total four-momentum of the leptonic system. Besides in the product of lepton and hadron tensors we can approximate w ≈ 1 and 
These approximate, but model independent, predictions are satisfied in our own calculation at the 3.4% and 0.25% level respectively and we expect them to hold in other approaches as well.
c → s, d semileptonic decays of doubly heavy cb baryons
The baryons involved in the present calculation are given in Table 3 . The quark model masses quoted have been taken from our previous works in Refs. [21, 18] , where they were obtained using the AL1 potential of Refs. [19, 5] . All the details on the wave functions and how they are evaluated can be found in Refs. [2, 21, 22] . Experimental masses shown in Table 3 are isospin averaged over the values reported by the particle data group [23] . For the actual calculation of the decay widths we use experimental masses whenever possible.
The classification scheme shown in Table 3 assumes that the two heavy quarks or the two light quarks have well defined total spin S. This is not correct for spin-1/2 states. Due to the finite value of the heavy quark masses, the hyperfine interaction between a light quark and a heavy quark can admix both S=0 and 1 components into the wave function. We neglect these effects for the Ξ b and Ξ ′ b states as the hyperfine matrix elements linking the two states are proportional to the inverse of the m b quark mass. On the other hand, for the Ξ cb , Ξ ′ cb (Ω cb , Ω ′ cb ) the effect is only suppressed by the c quark mass and it is relevant. As a result, the actual physical spin-1/2 cb baryons are admixtures of the Ξ cb , Ξ ′ cb (Ω cb , Ω ′ cb ) states. The physical states that we obtain in our model are given by [18] 1 Note that here we use the order cb, whereas in Ref. [18] , we used bc. Thus our Ξ ′ cb and Ω ′ cb states, where the heavy quark subsystem is coupled to spin zero, differ in sign with those used in Ref. [18] . Table 3 : Quantum numbers of the baryons involved in this study. The usual classification scheme in which the two heavy quarks or the two light quarks have well defined total spin is used. J π and I are the spin-parity and isospin of the baryon, S π is the spin-parity of the two heavy or the two light quark subsystem. n denotes a u or d quark.
These physical spin-1/2 cb baryon states turn out to be very close to the states (here B stands for Ξ or Ω)
in which the c and the lightuark couple to well defined spin S cq = 1 ( B cb ) or 0 ( B ′ cb ), and then the b quark couples to that state to make the baryon with total spin 1/2. Hyperfine mixing for the B cb , B ′ cb states is much less important since it is inversely proportional to the b quark mass. While masses are not very sensitive to hyperfine mixing, it was pointed out in Ref. [24] that hyperfine mixing could greatly affect the decay widths of doubly heavy spin-1/2 cb baryons. This assertion was confirmed for b → c semileptonic decay in Refs. [16, 18] and for electromagnetic transitions in Refs. [25, 26] . We expected configuration mixing to also play an important role for c → s, d semileptonic decay of cb baryons.
The decay widths we evaluate appear in Tables 4 and 5 . We show our full results and, in between parentheses, the results where configuration mixing is not considered. In all cases we find a good agreement with the few other previous calculations. We also see that configuration mixing effects are very important for transitions to final states where the two light quarks couple to spin 1, where we find enhancements or reductions as large as a factor of 2.
5.50 (2.07)
35 The result with an ‡ is our estimate from the total decay width and the branching ratio given in [13] . Now, in the limit of very large heavy quark masses we can use HQSS to approximately evaluate the hadronic matrix elements for semileptonic transitions between hatted states (S cq well defined). Close to zero recoil those matrix elements are given by [2] •
βū ′µ u,
These relations impose restrictions on the form factors for the different decays that are well satisfied within our model [2] over the whole w range accessible for the decays and for the actual heavy quark masses. With the use of the above HQSS relations, and the approximations (exact a zero recoil) similar to the ones described in the previous section, we are able to predict approximate, but model independent, relations among decay widths for hatted states. Those are given in the following where we also show the results of our full calculation using physical (close to hatted) states. Our results agree with the HQSS based predictions at the 10% level in most cases. The large discrepancies present in a few notable cases are mainly due to the different phase space as a result of baryon mass differences [2] . We expect the above relations to hold in other approaches to the same level of accuracy.
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